. Overall, the results of this study indicated that the PGPR alone or in combination with FYM had the potential to increase growth and yield of groundnut and improve soil health of degraded soils.
INTRODUCTION
In certain cases chemical fertilizers were not available in time and are expensive but they become more important for agriculture. The combined use of farm yard manure (FYM), poultry manure (PM) and chemical fertilizers (CF) can diminish the use of expensive artificial fertilizers. The optimal use of combination of organic and inorganic *Corresponding author. E-mail: aridian181@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License fertilizer can sustain agriculture productivity without disturbing the soil fertility, so it should be added to cropping systems (Rekhi et al., 2000) . The sustainability and soil health depend on the use of organic manures in current cropping systems (Timsina and Conner, 2001 ). The Rhizosphere organisms played a key role in the promotion of plant growth and soil borne pathogens. The plant growth promoting Rhizobacteria inhabited the roots and promotes growth that ultimately control disease and enhance yield (Vargas et al., 2009 ). The plant growth hormones are produced by PGPR resulted in increased phosphorous and other nutrients availability to host plant (Arshad and Frankenberger, 1998) . The level of ethylene is reduced due to production of ACC-deaminase in the young plants; enhance the solubility of nutrients, improving the function of roots to absorb nutrients and water (Zahir et al., 2004; Verma et al., 2010) . The plant growth is inhibited due abiotic and biotic stresses which produced ethylene in plants affected the growth. Growth and development of stressed plants dependent on ethylene level (Reid et al., 2011) . Current studies showed that Aminocyclopropane carboxylate (ACC) -deaminase found in several bacteria. The precursor of ACCdeaminase (aminocyclopropane-1-carboxylic acid) breaked into ammonia and α-ketobutyrate (Shaharoona et al., 2006; Arshad et al., 2007) . Therefore, in the modern agriculture plant growth promoting Rhizobacteria (PGPR) expected to be used for enhancing the crop yield (Pal et al., 2000) . The enhancement of biological nitrogen fixation by nodules of legumes with co-inoculation with PGPR had necessary for yield enhancement in current modernized agriculture (Abdel-Wahab et al., 2008) .
The growth of field crops, that is, maize (Jacoud et al., 1999) , rice (Preeti et al., 2002) and groundnut (Badawi et al., 2011) increased with PGPR applications to seed. The improved growth, biomass production and yield depend on the nutrient uptake by plant increased proliferation of root (length and branching), increased aerial growth (height and branching of plant shoots) due to more carbon fixation and increased nodulation in legumes. The use of beneficial bacteria in crop production and soil fertility improvement such as PGPR had increased interest of agricultural scientists worldwide to attain sustainability in agriculture.
The Pothwar (rain-fed plateau) of Pakistan is featured by its uneven land terrain. Torrential monsoon rains generate a great run off which take off fertile soil top layer along with essential soil nutrients. The rehabilitation of these degraded lands requires a comprehensive nutrient management strategy to improve soil fertility and soil structure resulting in improved moisture retention and fertilizer use efficiency (Khalid et al., 2012) .
Recent climatic indications requiring that strategies should be prepared for intensification of crops to tackle shortage of irrigation water (Hansen et al., 2005) . The important crop in rain-fed areas of Pakistan is groundnut. The low moisture content and low soil fertility of these areas are major constraints for higher crop yield. Due to unpredictable drought and incidence of fungal diseases in the Rainfed areas, farmers are hesitant to purchase chemical fertilizers. In this scenario, plant growth promoting rhizobacteria are important for higher production of groundnut in the rainfed areas. The pod yield increased with the application of PGPR in Indian soils (Pal et al., 2000) . The aim of current experiment was conducted to investigate the response of groundnut to PGPR on the growth and yield under degraded soil in Fateh Jang Area, Attock, Pakistan.
MATERIALS AND METHODS

The study site
This study was conducted at Soil and Water Conservation Research Station (SAWCRS), Fateh Jang, District Attock, Pakistan (latitude 33.55° N, longitude 72.58° E and 402 m high from the sea level during the years 2011 to 2014. Generally, the topography of the area is sloppy and effected by gully formation. The experiment was located in semi-arid climate with an average annual rainfall of 500 to 700 mm. The proportion of occurrence of rainfall is about 70% in summer and 30% in winter. The soil of this area was categorized as well drained, moderately deep, medium textured and calcareous loess deposit (Reconnaissance Soil Survey of Pakistan, 1970) .
Soil analysis
The soil samples were collected from 0-20 cm depth (10 subsamples) before sowing to estimate soil physical and chemical properties (Table 1) . Soil samples from each treatment, at the time of harvesting, were also obtained to perform physical and chemical analysis. The soil samples were processed for analysis in laboratory (that is, dried, crushed and passed through 2 mm sieve). Extractable-P, soil OM, extractable-K and soil texture were respectively obtained (Walkley, 1947; Rhoades, 1982; Watanabe and Olsen, 1965; Gee and Bauder, 1986) . Soil pH and ECe were estimated (McLean, 1982) . Soil moisture content of each soil sample was estimated by the gravimetric method (American Society of Agronomy, 1965) . All the soil analysis parameters were determined at the laboratory of the SAWCRS, Fateh Jang.
Execution of field experiment
The PGPR strains were obtained from the Department of Environmental Sciences with reference to Dr. Azeem Khalid, Associate Professor, PMAS-Arid Agriculture University, Rawalpindi, Pakistan. These strains of bacteria are under plant stress. The groundnut/peanut (Arachis hypogea L.) were cultivated in the field with Randomized Complete Block Design (RCBD). The treatments, repeated thrice, were consisted as gypsum, PGPR, FYM, FYM+PGPR to compare their effectiveness on groundnut's growth, pod yield, nutrient element content, and soil physical and chemical properties against control. The effectiveness of PGPR (alone) or in combination with FYM was compared also with other treatments in terms of the parameters as compared by the application of PGPR (alone) and PGPR+FYM with the control. The peat based PGPR inoculum was uniformly applied to the seeds just before sowing. The FYM and gypsum were applied at the rates of 300 Kg ha -1 (alone or in combination with PGPR) and 1000 Kg ha Figure 1 . Effect of amendments on 1000 grain weight.
Statistical analysis
The computer software M-STAT-C was employed for statistical analysis of RCBD designed experiment. The treatment means were separated by LSD test at probability level P<0.05 (Steel et al., 1980) .
RESULTS
The response of PGRP on growth and development of groundnut and improvement in soil physical and chemical properties is evident from the data presented here. The repeated experiment in this study showed that application of different amendments significantly (P<0.05) improved plant growth parameters and crop yield (Figures 1 to 3 ). The yield increased 10.34% over control when PGPR+FYM were applied in combination. However, treatments were nonsignificant considering the average 1000 pod weight. The straw yield which was enhanced significantly with treatments and was maximum (1036 Kg ha -1 ) in PGPR+FYM combination (Figures 1 to 3) .
All the treatments significantly improved soil physical and chemical properties ( Table 2 ). The soil moisture content was significantly increased by all the treatments compared with the control. Soil moisture contents were 27.05, 27.35, 27.76 and 27.92% by the application of gypsum, PGPR, FYM and PGPR+FYM) respectively while it was 24.53% in the control. On the other hand, soil moisture content was 23.40% at the beginning of the experiment. At the beginning of the experiment, soil pH, ECe, and organic matter content were determined as 8.14, 1.73 dS m -1 , 0.73%, respectively. Soil amendments significantly increased organic matter content from 0.73% to 1.00%. Maximum increase (27%) was shown by PGPR+FYM followed by FYM (23%). Other treatments, that is, gypsum (11%) and PGPR alone (9%) enhanced the soil organic matter content significantly. All the treatments reduced the soil pH from (8.14 -7.80) over control. Maximum decrease (34%) was obtained through PGPR+FYM. Similarly all the treatments except for gypsum decreased the EC from 1.73 to 1.37 dS m -1. The gypsum application increased EC from 1.73 to 1.89 dS m -1 (Table 2) .
DISCUSSION
This study demonstrated that PGPR can improve physical and chemical characteristics of degraded soils under rain-fed conditions, and increase growth and yield of groundnut. The PGPR promotes the growth of legumes, that is, chickpea (Trapero-Casas et al., 1990) and soyabean (Zhang et al., 1997) . This study demonstrated the positive effects of seed inoculation with PGPR and its effects on growth of groundnut, in addition to FYM and gypsum. In case of 1000 grain weight, and straw yield, best results were recorded in treatment of seed inoculation with PGPR in combination with FYM which resulted in 10.34% increase in grain yield, and 4.15% increase in straw yield over control (Naveed et al., 2008) . The plant growth is enhanced by the application of PGPR through ACC-deaminase activity and increased nutrients uptake by the plant and root growth (Nadeem et al., 2009; Ahmad et al., 2012; El Husseini et al., 2012) . The enhanced growth of plant may also be due to increased microbial activity in root area and improved soil chemical and physical properties. The higher N content by biodegradation of organic material by the application of PGPR may be another reason of this yield increase (Das et al., 2004; Zahir et al., 2007) . Currently, numerous studies showed that in legumes PGPR inoculation increased yield and growth of plant (Pirlak and Kose, 2009; Shaharoona et al., 2006; Tilak et al., 2006) .
Other amendments including FYM and gypsum also increased grain and straw yield significantly. The grain yield was enhanced to 2.17 and 1.29% by FYM and gypsum, respectively. The increase in grain yield by FYM could be due to enhanced nutrient supply and their uptake by roots by using organic products in sustainable agricultural cropping system (Timsina and Conner, 2001) and organic amendments are effective in improving (Soomro et al., 2013) . These results are in line with the findings of Haynes (2000) and Nayyar and Chhibba (2000) . This demonstrated that the inoculation of groundnut seeds with PGPR and addition of FYM resulted in improved N use efficiency. Furthermore, in FYM applied plots nutrients remained available over a long period of time due to slow and long-term release of nutrients from the FYM. The soils used in this study are prone to erosion due to sloppy topography and high torrential summer rains which do not let the soil structure to develop. Gypsum has the ability to inhibit the dispersion of soil and improves soil water retention (Yu et al., 2003) . So this also showed positive effects on soil health and groundnut yield. The rapid increase in population and resource-poor farming community of degraded soils demand researchers' attention to devised strategy of combining chemical and organic sources of plant nutrients and use of useful soil microorganisms for profitable and sustainable agriculture in nutrient depleted soils. These are preliminary results which could not be encouraging since degraded soils need continuous efforts development. Along with these nutrient management strategies some suitable soil and water conservation measures are desperately needed to achieve the maximum potential benefits from degraded soils (Rattan, 2015) . However, the indicators of soil characteristics showed encouraging effects providing justification for further studies in this line. The inoculation of bacteria increased soil organic matter and soil moisture contents, and decreased soil pH and EC provided the additional evidence supporting the findings of previous studies. The higher soil organic matter content in PGPR+FYM treatment may explain the capacity of PGPR to release nutrients from FYM. This increase in the availability of plant nutrients may also be explained by the production of organic acids by plant roots and bacteria in the rhizosphere which in turn stimulated the availability of plant nutrients through the biodegradation of FYM. The findings obtained in this study are supported by a number of previous studies (Jilani et al., 2007; Kumar et al., 2011; Iqbal et al., 2013) .
In the rhizosphere mineralization increased due to the activity of bacteria in the root zone by breaking organic acids into simple nutrients (Sundra et al., 2002; Shen et al., 2004) . The gypsum is a good source of calcium that binds/stabilizes soil organic matter to clay in soils which gives stability to soil aggregates especially in degraded soils (Favaretto and Norton, 2007) . The moisture retention through structure development is an important soil property. The improved soil moisture content ensures better uptake of plant nutrients for plant growth promotion. The PGPR and FYM have the ability to enhance soil porosity by strengthening soil aggregation which improves plant nutrients' availability and their use efficiency. This favorable effect of FYM and PGPR on soil structure improved water holding capacity of the soil and its aeration because of the increased porosity (Tejada and Gonzalez, 2006) . Gypsum also decreases soil bulk density and improves soil moisture content (Webster and Nyborg, 1986) . The amendments applied in this experiment decreased the soil pH considerably. The PGPR decreased pH due to their ability for organic acid production as a secondary metabolite which can be a better soil condition for crop growing (Turan et al., 2006) . The gypsum by reaction with calcium ions and water is likely to form acid resultantly reducing the pH of soil (Chand et al., 2000) . The soil of ECe was also decreased by treatments except for gypsum. This reduced ECe may be attributed to the combining effect of PGPR and FYM. The reason of decreased ECe by PGPR and FYM treatments might be due to the dilution of salts in the soil by improved moisture retention by these treatments (Shaban and Abd El-Rahman, 2007) .
Conclusion
The results of the present study indicate that the PGPR inoculation and application of other soil amendments had the potential to increase physical and chemical conditions of soil, improve availability of plant nutrients, growth of plants ultimately leading to increased grain and straw yield of groundnut. Considering the impact of excessive use of chemical fertilizers on environmental pollution and high costs involved in the production of N and P fertilizers and their use as inputs, the use of PGPR tested in our study seems to be a promising alternative as an amendment for profitable crop production and sustainable recovery of degraded soils.
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